Selected fault strands in Fish Lake Valley, California and Nevada, were trenched as par4; of a project to evaluate late Cenozoic activity on the central part of the right-oblique Fish Lake Valley fault zone (northern end of the Death Valley-Furnace Creek fault zone) ( fig. 1 ; Reheis, 1991 Reheis, , 1992 Reheis and others, 1993, and in press). Trench sites were selected on two fault strands with inferred or mapped right-lateral strike-slip offset ( fig. 2 ; trenches T93-1 near Oasis and T93-2a and -2b near Furnace Creek) and one strand with vertical offset (T93-3 near the Buck Mine). The purposes of the trenching study were to determine the late Quaternary paleoseismh history of the central Fish Lake Valley fault zone and to evaluate the kinematics and possible segmentation of the fault zone. Unfortunately, the amount of Holocene offset could not be determined for the strike-slip faults because of a lack of geomorphic piercing points and access restrictions that did not permit trenching along strike.
computer-driven course of washings in HC1 and NaOH (table 1) . A composite charcoal sample collected from bed S of trench 93-2a was pre-treated only with HC1 because the first sample selected from this bed was destroyed by the NaOH treatment. Tephra samples (table 2) were taken from the cleanest-appearing lenses. Soil profiles (table 3) were described and collected in selected localities from trenches 1 and 3 to aid in correlation of the stratigraphic units in the trench with previously dated map units (table 4 ; Reheis and others, 1993, and in press) . Analyses of the soil samples (table 5) were conducted by P. Fitzmaurice and D. Best (U.S. Geological Survey); these included measurement of pH, CaCO3 and organic-matter content, and particle size by sieve and pipette analysis (procedures are described in Singer and Janitzky, 1986) . In addition, pollen samples were collected for P. Wigand (Desert Research Institute, Reno, Nevada) to analyze from all stratigraphic units present in section 13 of trench 2a, except from the coarsegrained unit F. Samples were collected from 1-cm-thick intervals spaced 10 cm apart using a trowel and shovel; the sampling tools were rinsed with water between samples.
Tephra analyses by A.M. Sarna-Wocjicki and others are in progress; the tentative correlations in table 2 are based on soil and surficial properties and geometric relations of stratigraphic units (figs. 2a and 2b), and on previous tephra analyses ( Reheis and others, 1993, and in press) . Mono Craters tephra deposits in Fish Lake Valley originated from many different eruptions, but are mostly middle and late Holocene in age (A.M. Sarna-Wojcicki, written communs., 1989 -1992 . The age of the Mazama ash is about 6.85 ka (Bacon, 1983) .
TECTONIC SETTING OF TRENCH SITES
Movement along the Fish Lake Valley fault zone apparently began between 12 and 4 Ma. Total right slip in the southern part of Fish Lake Valley is probably about 50 km based on offset of an intrusive contact of Jurassic rocks and offset of sedimentary facies of Precambrian rocks, giving a lateral-slip rate of about 4-12 mm/yr (Reheis, 1993) . The late Pleistocene lateral-slip rate for the presently active fault strands, based on offset features on the surface of unit Qfi and its estimated age (50-125 ka) , is a minimum of 0.7-1.8 mm/yr at Leidy Creek ( fig. 1 ) and about 1.0-2.5 mm/yr at Indian Creek (Sawyer, 1990) . At Furnace Creek, in the vicinity of trenches T93-2a and -2b, the late Pleistocene lateral-slip rate is at least 0.9 mm/yr and could be as high as 7 mm/yr; the maximum rate is within the range of 6-12 mm/yr estimated from the offset of a shutterridge of unit Qfm ( fig. 2b ; Reheis and others, in press ). Estimated vertical-slip rates on the Fish Lake Valley fault zone vary both spatially and temporally; in general, both total and Quaternary vertical-slip rates are highest in the central part of the fault zone (area near Dyer, fig. 1 ) and appear to decrease to the north and south (Reheis and McKee, 1991) .
Trench 93-1 is across a prominent vegetation lineament that is the easternmost of three subparallel faults ( fig. 2a ) west of Oasis. The lineament is a continuation of a northwest-striking fault that locally offsets unit Qfcm slightly down to the west ( fig. 2a) , forming a sag pond; this fault is inferred to have mainly strike-slip offset based on the lack of prominent vertical scarps and on its strike relative to the approximate west-east direction of least principal stress. The trench exposed a 14-m-wide zone of mainly vertical faults in a well-bedded sequence of fine-grained late Holocene alluvium that contains locally abundant charcoal and three tephra layers. The upper 75 cm of sediment is not faulted, consistent with the subdued nature of the lineament.
Trench 93-3 is located on the westernmost of the three subparallel faults ( fig. 2a ). This fault strikes northwest to north-northwest along the range front about 2 km west of trench 93-1. Fault scarps in unit Qfcm along this fault are 1.0-1.5 m high. The range-front fault is inferred to have undergone mainly vertical offset in the late Pleistocene based on the fault strike, its arcuate trace, and the vertical offset of Quaternary deposits. However, some northwest-striking strands of the range-front fault within bedrock or between bedrock and alluvium contain clayey fault gouge with horizontal slickenside striae that indicate strike-slip displacement of unknown age ( fig.  2a ). Trench 93-3 exposed a 12-m-wide zone of steeply east-dipping faults and shear zones in late Pleistocene and Holocene fan alluvium. Several faults come to within a few decimeters of the ground surface and offset late Holocene deposits.
The north-northwest-striking fault between the two trenched faults near Oasis is buried by small deposits of unit Qfcm north and south of the latitude of trench 93-1 ( fig. 2a and Reheis and others, in press ), but appears to offset unit Qfcm due west of the trench. This discrepancy could be due either to the range in age of unit Qfcm (1.1-1.7 ka, table 4) or to localized displacement associated with an earthquake that mainly affected one or both of the trenched faults. The strike of the middle fault, the large fault scarps, and the back-rotation of deposits between the middle and range-front faults ( fig. 2a ) together indicate vertical displacement on the middle fault near Oasis; however, strike-slip displacement has also been mapped on the northward projection of the middle fault between Indian Garden Creek and Furnace Creek ( fig. 1) .
Trench 93-2a is located on the middle of three parallel and closely spaced northweststriking fault strands located south of Furnace Creek (fig. 2b ). The two eastern strands together form the west side of a shutterridge that ponds a small on-fan drainage. Previous coring to a depth of 6.5 m by hand-auger in the ponded deposits (Qpd) near the trench site penetrated a layer of the Mazama ash (A.M. Sarna-Wojcicki, written commun., 1990) less than 1 cm thick at about 2.25 m depth. The two eastern strands apparently intersect to the northwest where a single fault offsets unit Qfce ( fig. 2b ) but not the younger unit Qfcm (trench log 93-2b). A single abandoned debris-flow channel on the surface of unit Qfi (50-125 ka) on the west side of the western fault strand may correspond to one or all of the four abandoned channels located east of the eastern strand. These relationships indicate that the channel has been right-laterally offset a minimum of 110m and a maximum of 335 m by the three fault strands near trench 2b; vertical offset of the channel is a maximum of 15 m across the three strands. Trench 93-2a exposed a wide zone of mainly vertical faults in silty, finely bedded Holocene alluvium (Qpd) that spanned the entire 23 m of the logged part of the trench; only one possible fault was observed in the bouldery late Pleistocene alluvium (Qfi) and Holocene alluvium and colluvium of the north-eastern, unloggel 20 m of the trench. Most of the faults did not penetrate the upper two units, but at least one c^me to within a few decimeters of the ground surface. Trench 93-2b exposed a single vertical fault in middle Holocene fan alluvium with about 50 cm of displacement. In section 23 S2 at top of unit H, fault offsets dipping laminae about 2 mm thick at base of a 1-cm-thick bed and is overlain by flat laminae in upper part of bed I Part of map unit Qfce, middle Holocene West of section 15, consists of bed of medium to coarse sand overlain by finely laminated, locally cross-stratified, silty fine-grained sani.
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To east, fine sand pinches out and sand bed becomes thicker, coarser, and more poorly sorted; contains large pebbles in section 12S3. Pinches out to east against unit K in section 6S2. 
DEBRIS-FLOW AND COARSE WATER-LAID DEPOSITS
A Part of map unit Qfcm, late Holocene Sand, pebbles, and small cobbles, moderately sorted; poorly bedded. Lower contact locally channeled into units B and C. Surface soil locally has 1-to 2-cm-thick sandy Av horizon, slightly oxidized Bw horizon, and stag?. I CaCO3 . Unfaulted B Part of map unit Qfcm, late Holocene Silt, sand, and pebbles, unsorted; massive. Northeastern part of unit (bounded by dashed line) contains clasts (mostly too small to show on log) that dip irregularly away from fault bounding northeast side of unit, suggesting that this part of unit could be a fault-colluvial wedge derived from unit C on upthrown sicfe of fault. Contact between "wedge" area and unit B weakly defined by clast orientation and subtle color change, but "wedge" area contains no large clasts like those in unit C. Either unit B was emplaced against a colluvial wedge shortly after faulting event or unit B was faulted against unit C and no wedge exists. Lower contact abrupt C Part of map unit Qfce, middle Holocene Sand to small boulders, unsorted; massive.
Buried soil marks upper contact, but has been mostly removed by erosion northeast cf fault; soil has weakly developed Av horizon and Bk horizon with stage II CaCO3 . Faulted in section 1, downthrown to southwest; minimum vertical offset 47 cm 
DEBRIS-FLOW DEPOSITS
A Part of map unit Qfcl, late Holocene--Sand and small pebbles with minor silt, poorly sorted; massive. Extends east from fault scarp in section 7; thickens markedly east of faults in sections 9 and 10. No surface soil. Lower contact generally sharp. Unit is mostly debris-flow deposits derived from small drainage on north side of trench (fig. 2b) ; possibly in part fault-scarp colluvium at western edge, but critical relationships were erased by cave-in of spoil pile at fault. Probably unfaulted 
FAULT-SCARP COLLUVIAL DEPOSITS
FC6 Part of map unit Qfcl, late Holocene Two thin wedges of fault-scarp colluvium in sections 8 to 9 and 10 to 11. Sand and pebbles with minor silt, unsorted; massive. Western wedge was derived from ravelling of debris from unit C exposed in scarp in section 8N2; buries soil on unit FC5, is contiguous with soil on unit C, and fills collapsed void between degraded fault scarp and unit FC5. Eastern wedge is less distinct, but apparently was derived from exposure of unit C in small scarp in section 10N3; buries western edge of unit B. Both wedges buried by unit A FC5 Part of map unit Qfcm, late Holocene Wedge of fault-scarp colluvium in sections 8 and 9. Sand and pebbles with minor silt, unsorted; massive. Formed by ravelling of debrr from unit C exposed in both east-and west-facing faults of small gjaben; deeper part of unit may consist of older colluvium (FC4?). Offset by fault in section 8 FC4 Part of map unit Qfcm, late Holocene Wedge of fault-scarp colluvium in sections 9-11.
Sand and pebbles with minor silt, unsorted; massive. Formed by ravelling of debris from unit FC3 exposed in fault scarps in section 9N3, and possibly also fault scarps in sections 8 and 9 where unit may form basal part of unit FC5. Offset by fault in section 10N3 FC3 Part of map unit Qfce, middle Holocene Elongate wedge of mostly fault-scarp colluvium in sections 7-11 (originally called "unit X" in field notes). Silt, sand, and pebbles, unsor-ted; massive. Interpreted to be formed largely by ravelling of debris from unit D exposed in fault scarp in section 7 and by erosion of unit D west of scarp, but may contain sheet-wash or other material. Upper contact marked by weakly developed buried soil, locally with 1-to 2-cm-thick silty Av horizon and stage I CaCO3 (not described in (FIGURES 2a AND 2b) [Descriptions are simplified from Reheis and others (1993 and in press ). Combined map sym-bols (Qfcm+Qfcl) are used where two Quaternary map units are interspersed at such a small scale that separate mapping is impractical. Fractional map symbols (Qes/Qfc) are used where a thin veneer of a younger unit overlies an older unit.]
ALLUVIAL-FAN DEPOSITS
[The alluvial-fan deposits are similar in grain size and bedding; the following description applies to each alluvial unit described below: gravel, sand, and silt; intermixed and interbedded, moderately sorted to unsorted, moderately to poorly stratified. Clasts commonly pebbler to cobbles but, near range front, commonly as large as 2 m in diameter. Beds range from at:out 0.5 to 2 m thick. Commonly, beds appear to be matrix supported, but when outcrops are excavated, many clasts are touching (hyperconcentrated flood-flow deposits); less commonly, beds rre clearly either clast supported (stream-flow deposit) or matrix supported (debris-flow deposit). Contains thin lenses of sand and silt. Fan surfaces are highest above drainages near Dyer due-to greater vertical faulting in that area ( fig. 1) Reheis, 1991 ,1992 , and Reheis and others, 1993 , the names of the 30-minute quadrangles that cover the map area, and major drainages. Valley floor is shaded. T1-C4   T1-C5   T1-C3   T1-C10   T1-C11   T1-C12   T1-C13,  T1-C14,  T1-C152   T2-C11   T2-C6   T2-C1,  T2-C8,  T2-C102   T2-C2,  T2-C3,  T2-C4,  T2- Guthrie and Witty (1982) and Birkeland (1984) , except for V, which denotes vesicular porosity, "j", which denotes incipient character of soil property denoted by preceding letter (for example, Bwj), and carbonate stage "I-", which denotes a very small amount of pedogenic CaCOa. ?, particle size not measured in laboratory or uncertain due to silica cementation; 0, not present]
Depth ( n Induration partly due to pedogenic silica 1Texture abbreviations: f, fine; S, sand; LS, loamy sand; SL, sandy loam. Symbols V and'-" indicate sample has maximum or minimum amounts of clay, respectively, for the textural class shown.
Structure abbreviations: grade (strength)--l, 2,3; slze-f, fine; m, medium; co, coarse; type-m, massive; sg, single grain; sbk, subangular blocky; pi, platey. 3Dry-consistence abbreviations: lo, loose; so, soft; sh, slightly hard; h, hard; vh, very hard. Vet-consistence abbreviations: stlckiness-so, nonsticky; vss, very slightly sticky; ss, slightly sticky; plasticity«po, nonplastic; vps, very slightly plastic; ps, slightly plastic. 5Clay-film abbreviations: abundance--v1,1, 2,3; thickness-n, thin; location-po, pore; pf, ped face.
oo Table 4 . Tentative correiatbn of map units with trench units based on soil properties (table  3) and radiocarbon ages (table 1) [ 
